Key indicators: single-crystal X-ray study; T = 100 K; mean (N-C) = 0.008 Å; R factor = 0.025; wR factor = 0.055; data-to-parameter ratio = 16.8.
The title compound, [Tl 2 (C 3 H 10 NO 9 P 3 )] n , a Tl I organicinorganic hybrid complex, was synthesized by the reaction of nitrilotris(methylenephosphonic acid) with thallium(I) nitrate. There are two types of Tl + ions in the complex, with coordination numbers of eight and seven and with stereochemically active and inactive lone-pair electrons, respectively. In the crystal, the doubly deprotonated ligands form two-dimensional hydrogen-bonded layers through O-HÁ Á ÁO hydrogen bonds. The NH group is involved in a trifurcated intramolecular hydrogen bond. Coordination of the phosphonate ligands to the Tl + ions creates a three-dimensional structure.
Related literature
For related metal phosphonate complexes of the same ligand, see: Sharma et al. (2001) .
Experimental
Crystal data [Tl 2 (C 3 H 10 Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) Àx þ 2; Ày; Àz þ 1; (iii) x þ 1; y À 1; z; (iv) Àx þ 1; Ày; Àz.
Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT (Bruker, 2007); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: SHELXTL.
(M/L) metal phosphonate complexes, M[NH(CH 2 PO 3 H) 3 (H 2 O) 3 ](M = Mn, Co, Ni, Cu, Zn, Cd), with two-dimensional hydrogen-bonded layered structures, have been prepared previously by (Sharma et al., 2001) .
In the structure of the title compound, synthesized by the reaction of the same ligand with thallium(I) nitrate, the nitrilotris(methylenephosphonate) (H4L 2-) group is doublely deprotonated and two different environments for the Thallium atoms are observed, as shown in Figs. 1 and 2. Eight O-atoms of five H4L 2phosphonate ligands are coordinated to the Tl1 ion ( Fig. 1 ), while seven oxygen atoms of five H4L 2phosphonate ligands are coordinated to the Tl2 ion (Fig. 2) .
The conformation of the doublely deprotonated nitrilotris(methylenephosphonate) ligand is illustrated in Fig. 3 . The hydrogen atoms on atoms O1 and O2 are positionally disordered with relative occupancies of 0.5:0.5. Each H4L 2dianion links to five Tl1 and five Tl2 ions (Fig. 4 ).
The doublely deprotonated H4L 2ligand forms two-dimensional hydrogen bonded layers via O-H···O hydrogen bonds involving hydroxyl groups O1, O2, O6 and O7 (Table 1 and Fig. 5 ). Atoms O3, O5 and O8 do not contribute in this type of hydrogen bond, rather they coordinate only to the Tl + ions. The NH group is involved in a 4-centre trifurcated intramolecular hydrogen bond with O-atoms O3, O5 and O8 (Table 1) . Coordination of the ligand to the metal ions in the interlayer space creates a three-dimensional structure (Fig. 6 ).
Thallium(I)nitrate (0.133 g, 0.5 mmol) was added in several portions to a solution of nitrilotris(methylenephosphonicacid) (H6L) (0.104 g, 0.35 mmol) in 12 ml of a deionized water-ethanol mixture (3:5). The solution was stirred for seven days and a white precipitate was obtained. This was filtered off and recrystallized from deionized water at rt. Colorless prismlike crystals of the title compound were obtained in 68% yield (based on the Tl atom). Elemental analysis for Tl 2 (H 4 L), C 3 H 10 NO 9 P 3 Tl 2 :C, 5.06; H, 1.36; N, 2.03%. Calc.: C, 5.10; H, 1.41; N, 1.98%.
Refinement
The NH and OH H-atoms were located in a difference electron-density map and were refined with distance restraints: O-H = 0.82 (2) and N-H = 0.86 (2) Å, with U iso (H) = 1.2U eq (N,O). The C-bound H atoms were positioned geometrically and refined using a riding model: C-H = 0.99 Å, with U iso (H) = 1.2 times U eq (C). (14) 0.00967 (13) −0.00101 (10) 0.00066 (10) 0.00088 (10) P1 0.0291 (10) 0.0340 (10) 0.0090 (8) −0.0260 (9) −0.0018 (7) 0.0005 (7) P2 0.0088 (7) 0.0092 (7) 0.0072 (7) −0.0023 (6) 0.0003 (6) 0.0001 (6) P3 0.0081 (7) 0.0095 (7) 0.0080 (7 supplementary materials sup-9 
